Motivated by the work of Yang et al., Mod. Phys. Lett. A, 26, 191 (2011), the present paper reports a study on reconstruction of scalar field dark energy models, namely, quintessence, DBI-essence and tachyon in the framework of chameleon Brans-Dicke cosmology. 
simplest theoretical candidate proposed in order to explain the observational evidence of accelerated expansion. One of the main properties of Λ is that it has a negative Equation of State (EoS) parameter, in particular w = p/ρ = −1: this means that the cosmological constant has negative pressure p. However, it is well-known in scientific community that the cosmological constant Λ suffers from the fine-tuning and the cosmic coincidence problems [3] , which have been tried to be explained somehow in recent times. Dark energy, characterized by negative pressure, has been attempted in numerous works as a possible cause of the current acceleration of the universe. To be more technical, a perfect fluid with pressure p and energy density ρ satisfying the condition ρ + 3p < 0 is dubbed as "dark energy" (DE) . In other words, the relation ρ + 3p < 0 implies that the equation of state parameter w must obey the relation w < −1/3 in order the current universe to have accelerated expansion. While we can put some theoretical constraints on w for DE, from an observational point of view, it is a difficult work to constrain its precise value. Observations show that the energy density of DE occupies about 70% of today's universe, and about the 25% of the total energy density of the present day universe . We must also remember that the ordinary baryonic matter we are able to observe gives only the 5% of ρ tot . Moreover, the radiation term gives a contribution to the total cosmic energy density which we can safely consider negligible. [4] .
However, at early cosmological epochs DE could not have dominated since it would have destroyed the formation of the observed large scale structure. If we restrict ourselves in four-dimensional Einstein's gravity, nearly all DE models can be classified by the behaviors of equations of state as following [5] : (i) Cosmological constant: w = −1; (ii) Quintessence: w Q −1; (iii) Phantom:
w −1 and (iv) Quintom: its EoS is able to evolve across the cosmological constant boundary.
Many candidates have been recently considered in order to explain the DE nature: some of them include quintessence, tachyon, k-essence, Chaplygin gas, quintom, Agegraphic Dark Energy (ADE) and phantom. Numerous works are available on the candidates of dark energy. Some of them include [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
A model for holographic dark energy was proposed by Li [21] , following the idea that the short distance cut-off is related to the infrared cut-off and it was assumed in [21] that the infrared cut-off relevant to the dark energy is the size of the event horizon. The Holographic DE (HDE) model has been studied in several works [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . It was demonstrated by Cohen et al. [32] that in Quantum
Field Theory, the ultraviolet cut-off Λ U V can be related to the infrared cut-off L due to limit set by forming a black hole. If the vacuum energy density caused by the UV cut-off is given by the relation ρ D = Λ 4 U V , then the total energy of size L must not be larger than the mass of the system-size black hole, i.e.:
where M p = (8πG N ) −1/2 ≈ 10 18 GeV represents the reduced Planck mass (with G N indicating the Newton's gravitational constant). If the largest possible cut-off L is the one which saturates this inequality, we can obtain the energy density of HDE ρ D as follows:
where c 2 is a dimensionless constant parameter which exact value is still unknown with precision.
Recently, the present day accelerated expansion of the universe has been also well studied introducing the concept of modification of gravity [33, 34] . This new model of gravity (which results to be predicted by string/M theory) gives us a very natural gravitational alternative to the idea of the presence of the exotic components, i.e. DM and DE. The explanation of the phantom, non-phantom and quintom phases of the universe can be described using modified gravity without the introduction of a negative kinetic term in DE models.
The important role played by the modified gravity models in the study of the late-time accelerated expansion of the universe has been recently considered by many Authors. Some of the most famous and known models of modified gravity are represented by braneworld models, f (T ) gravity (where T indicates the torsion scalar), f (R) gravity (where R indicates the Ricci scalar curvature), f (G) (where G = R 2 − 4R µν R µν + R µνλσ R µνλσ represents the Gauss-Bonnet invariant, with R representing the Ricci scalar curvature, R µν representing the Ricci curvature tensor and R µνλσ representing the Riemann curvature tensor), f (R, T ) gravity, DGP model, DBI models and Horava-Lifshitz gravity .
Recently, the Brans-Dicke modified gravity theory became more and more popular as it naturally arises as the low energy limit of many other quantum gravity theories, like the Kaluza-Klein one or the superstring theory. In this paper, we decided to consider the New Holographic Dark Energy (NHDE) model in the framework of the Brans-Dicke modified gravity theory, in which there is a non-minimal coupling between the matter field and the scalar field φ. The action and the field equations result to be modified because of the coupling of the scalar field with the matter. This kind of scalar field is usually known in literature with the name of chaneleon field [88, 89] since its main physical properties strongly depend on the environment. Furthermore, in regions with an high density, the chameleon blends with its environment and it becomes basically invisible to searches, for example, for the presence of fifth force or for Equivalence Principle violation [88, 89] .
Moreover, it was also derived [88] [89] [90] that all available constraints obtained using planetary orbits, like those we have from lunar laser ranging, are satisfied in the presence of a chameleon field. The main reason is that the chameleon-mediated force between two massive objects, like for example the Earth and the Sun, is much weaker than it can be expect. In particular, it was derived [90] that the deviations from Newtonian gravity due to the chameleon field of the Earth are suppressed by nine orders of magnitude by the thin-shell effect. In a recent work, Chattopadhyay [91] power law chameleonic function has been well studied in a recent paper of El-Nabulsi [100] . Other important works on chameleon gravity have been done in [93] [94] [95] [96] [97] [98] .
The paper is organized as follow. In Section II, we study the main cosmological properties of the NHDE model in the framework of Brans-Dicke chameleon cosmology. In Section III, we make a correspondence between the reconstructed NHDE model and three differen scalar field models, i.e.
the quintessence, the DBI-essence and the tahcyon scalar field models. Finally, in Section IV, we write the conclusions of this paper.
II. NHDE IN CHAMELEON BD COSMOLOGY
We begin this Section with the description of the main cosmological properties of the chameleon Brans-Dicke theory, according to which the scalar field is coupled non-minimally to the matter field via the action S given by [99] :
where R indicates the Ricci scalar curvature, φ represents the Brans-Dicke scalar field with an associate potential V (φ), ω indicates the dimensionless Brans-Dicke parameter, g µν represents the metric tensor with determinant given by determinant given by g, L m represents the matter Lagrangian and finally f (φ) represents an arbitrary function of the scalar field φ. The last term in the action S given in Eq. (3) represents the term which gives us information about the interaction between the matter Lagrangian and the arbitrary function f (φ). We must also emphasize here that, in the limiting case corresponding to f (φ) = 1, we obtain the standard BD cosmology.
Varying the action S given in Eq. (3) with respect to the metric tensor g µν and φ, one gets the following field equations:
where = ∇ µ ∇ µ (with ∇ µ representing the covariant derivative) T m = g µν T m µν and the prime denotes differentiation with respect to φ. In Eq. (4), we have that:
and
Because of the explicit coupling between matter system and φ, the stress tensor T m µν is not divergence free.
We now apply the above framework to a homogeneous and isotropic universe described by the Friedman-Robertson-Walker metric given by:
The universe is open, closed or flat according as k = −1, + 1 or 0. Moreover, we have that a (t) represents the scale factor (which gives information about the expansion of the universe), r gives the radial component of the metric, t indicates the cosmic time and dΩ 2 = r 2 dθ 2 + sin 2 θdϕ 2 denotes the solid angle element (squared). θ and ϕ are the usual azimuthal and polar angles, with 0 ≤ θ ≤ π and 0 ≤ ϕ ≤ 2π. The coordinates (r, t, θ, ϕ) are known as comoving coordinates. In a spatially flat universe (i.e. for k = 0), Eqs. (4) and (7) yield [99, 101] :
In this paper, our purpose is to generalize the work of ref. [103] to the NHDE model with energy density ρ D given by [102] :
where µ and ν are two constant parameters and the overdot represents the first time derivative .
We consider the following ansatz for φ, V and f [99, 101, 102] : (9) which yields the following differential equation for H 2 :
The quantities φ 0 , V 0 and f 0 represent, respectively, the present day values of the corresponding quantities.
Solving Eq. (13), we get the expression of H 2 as a function of the scale factor a as follows:
da , we can get from Eq. (14):
Using Eqs. (14) and (15) in Eq. (12), we reconstruct the density of the NHDE in chameleon BD
Since we are assuming that the universe is filled with NHDE, the conservation equation for ρ D is given by the following relation:ρ
From Eqs. (16) and (17), we can derive the reconstructed equation of state (EoS) parameter w D as a function of the scale factor a as follows: parameter −1.67 < w < −0.62. In Fig. 1 we observe the evolution of the reconstructed Hubble parameterH with redshift z = a −1 − 1. We observe a decaying pattern ofH with evolution of the universe. This in consistent with the accelerated expansion of the universe. In Fig. 2 , the reconstructed NHDE density is plotted and indicates its dominance with the evolution of the universe. This is consistent with the current dark-energy dominated era. Now let us have a deeper look into the Eq. (18) 
It is easy to verify that the above expression is surely to be positive if α < 0, − 1 < ν < 0 or α > 0, ν < −1. Since we have taken φ = φ 0 a α , we haveφ = αφH. If α < 0, then the scalar field with decay with evolution of the universe. As the behavior of the remaining part of the expression is too complicated to make any inference on the behavior of the equation of state parameter for its "quintessence" or "phantom"-like behavior, we depend on the strong and null In this section we reconstructed the NHDE in the framework of chameleon BD cosmology. In the next section our objective is to study the correspondence between this reconstructed NHDE model and the scalar field models, namely (i) Quintessence dark energy, (ii) DBI-essence dark energy and (iii) Tachyon dark energy.
III. CORRESPONDENCE BETWEEN THE RECONSTRUCTED NHDE AND OTHER SCALAR FIELD MODELS A. Quintessence dark energy model
The energy density and pressure of the quintessence scalar field ϕ are as follows [104] [105] [106] 
The EoS parameter comes out as
As we are reconstructing the quintessence model based on NHDE in the framework of chameleon BD cosmology, we shall consider ρ Q = ρ D and w Q = w D . Hence we havė
where ρ D and w D are coming from Eqs. (16) and (18) respectively. We now consider the second scalar field model of this paper, i.e. the DBI-essence scalar field.
We have that the energy density and the pressure of the DBI-essence model are given, respectively, by [107] :
where η = 1
The EoS parameter for the DBI-essence scalar field model can be written as:
In the present work, we shall assume that T = nφ 2 . As we are considering a correspondence between DBI-essence dark energy and reconstructed NHDE, we consider
The based on Eq. (26) we get the reconstructed scalar field ϕ as a function of a as follows: 
n n −3e 
C. Tachyon dark energy model
We consider now the third and last scalar field model of this work, i.e. the tachyon.
In this case, we have that the energy density and the pressure of the tachyon scalar field model are given, respectively, by:
while the EoS parameter can be written as follow:
For the correspondence under consideration we have ρ T = ρ D and w D = w T . Using the same procedure as earlier, we reconstruct the scalar field ϕ and potential V (ϕ) as: (36) and In this paper, we studied the main cosmological properties of the New Holographic Dark Energy (HNDE) model in the framework of Brans-Dicke chameleon cosmology. We considered a particular ansatz for the parameters φ, V and f in which their expressions are given in the power law form.
We decided to consider different aspect to study. First of all, we reconstructed the expression of the Hubble parameter H and, accordingly, the expression of the density ρ D of the NHDE in the context of chameleon Brans-Dicke chameleon cosmology. We also tested the Weak Energy condition (WEC) and the Strong Energy Condition (SEC) for the reconstructed model we obtained. Finally,
we made a correspondence between the reconstructed NHDE model and the three scalar field models, in particular the quintessence, the DBI-essence and the tachyon scalar field models. For the scalar field we considered, we have reconstructed the corresponding potentials and scalar fields.
To further elucidate our reconstructions, we have plotted the reconstructed potential V (ϕ) against z and made parametric plots between ϕ and V (ϕ) in Figs. 1,2,3 ,4,5,6,7,8,9,10. It is apparent from the plots that the evolution of the universe the potential V (ϕ) is increasing up to z ≈ −0.5.
Afterwards, it is starting to decay. In the plots of ϕ − V (ϕ) it appears that the potential increasing with the scalar field ϕ.
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